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Abstract 

We study the SUSY flavor problem in the MSSM, we are namely interested in estimating the 
size of the SUSY flavor problem and its dependence on the MSSM parameters. For that, we made 
a numerical analysis randomly generating the entries of the sfermion mass matrices and then deter¬ 
minated which percentage of the points are consistent with current bounds on the flavor violating 
transitions on lepton flavor violating (LFV) decays li — Ij 7 . We applied two methods, mass- 
insertion approximation method (MIAM) and full diagonalization method (FDM). Furthermore, 
we determined which fermion masses could be radiatively generated (through gaugino-sfermion 
loops) in a natural way, using those random sfermion matrices. In general, the electron mass ge¬ 
neration can be done with 30% of points for large tan /?, in both schemes the muon mass can be 
generated by 40% of points only when the most precise sfermion splitting (from the FDM) is taken 
into account. 

PACS numbers: ll.30.Hv, 11.30.Pb, 13.35.-r 
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I. INTRODUCTION. 


Weak-scale supersymmetry (SUSY) [l|], has notably become one of the leading candidates 
for physics beyond the standard model, by supporting the mechanism of electroweak sym¬ 
metry breaking (EWSB). Being a new fundamental space-time symmetry, SUSY necessarily 
extends the SM particle content by including superpartners for all fermions. Because the 
mass spectrum of the superpartners needs to be lifted, SUSY must be softly broken, this is 
needed so in order to maintain its ultraviolet properties. SUSY breaking is parameterized 
in the Minimal Supersymmetric SM (MSSM) by the soft-breaking lagrangian j^; as an out¬ 
come, the combined effects of the large top quark Yukawa coupling and the soft-breaking 
masses, make radiatively inducing the breaking of the electroweak symmetry possible. The 
Higgs sector of the MSSM includes two Higgs doublets, perhaps being the light Higgs boson 
{nih < 125 GeV) the strongest prediction of the model. 

However, the soft breaking sector of the MSSM is often problematic with low-energy 
flavor changing neutral currents (FCNC) without making specihc assumptions about its 
free parameters. Minimal choices to satisfy those constraints, such as assuming universality 
of squark masses, have been widely studied in literature j^. However, non-minimal flavor 
structures could be generated in a variety of contexts. For instance, within the context of 
realistic unihcation models by the evolution of soft-terms, from a high-energy GUT scale to 
the weak scale. Similarly, models that attempt to address the flavor problem, could induce 
sfermion soft-terms that reflect the underlying flavor symmetry of the fermion sector js, 

It is not a trivial task to hnd models of SUSY breaking that can actually generate mi¬ 
nimal and safe patterns. This is the so called SUSY flavor problem. The known solutions 
include the following: degeneracy (sfermions of different families have the same mass), 
proportionality (trilinear terms are proportional to the Yukawa term^, decoupling (su¬ 
perpartners are too heavy to affect low energy physics) and alignment [7(] (the same physics 
that explains the pattern of fermion masses and mixing angles, forces the sfermion mass 
matrices to be aligned with the fermion ones, in a way that the fermion-sfermion-gaugino 
vertices remain close to diagonal). 

Sometimes the SUSY flavor problem is stated by saying that if the sfermion mass matrix 
entries were randomly generated , most of these points would lead to the exclusion of the 
MSSM. In this paper, we would like to quantify the formerly statement, namely, we want 
to estimate the size of the SUSY flavor problem, and to determine its dependence on the 
parameters of the MSSM. Then, one would like to determine what would be left of the 
SUSY flavor problem after Tevatron and LHG will deliver bounds on the masses of the 
superpartners, or luckily a signal of their presence! Rather, we focus on lepton sector, we 
particularly use the LFV decays —)■ - 1 - 7 to make our point, namely to derive bounds on 
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the parameters of the MSSM and to determine the viability and interplay of the solntions 
above. 

First, we evalnate the LFV decays above nsing the mass-insertion approximation method 
(MIAM), both for mnon and tan decays. Onr procednre will consist first on writing the 
off-diagonal elements of the slepton mass matrices as the prodnct of 0(1) coefficients times 
an average sfermion mass parameter, then we randomly generate 10^ points for the 0(1) 
coefficients, and determine which fraction of snch points satishes the cnrrent bonnds on the 
LFV transitions. We repeat this procednre for different valnes of other relevant parameters 
of the MSSM, such as tan /?, gaugino masses, /i-parameter and the sfermion mass scale. 

Next, to estimate how much we can trust the MIAM, we compare those results with 
the ones coming from particular models that enable to obtain exact diagonalization for the 
sfermion mass matrices. Namely, we take into account that the constraints on sfermion 
mixing coming from low-energy data, mainly suppress the mixing between the hrst two 
family sleptons, but still allows large flavor-mixings between the second- and third-family 
sleptons, i.e. the smuon (p) and stau (r), which can be as large as 0(1) 0. Thus, we 
consider models where the mixing involving the selectrons could be neglected, as it involves 
small off-diagonal entries in the slepton mass matrices. But the ft — f mixing will involve 
large off-diagonal entries in the sfermion mass matrices, which requires at least a partial 
diagonalization in order to be treated in a consistent manner. Namely, in our models the 
general 6 x 6 slepton-mass-matrix will include a 4 x 4 sub-matrix involving only the ft — f 
sector, which can be exactly diagonalized , similarly to the squark case hrst discussed in 
Ref. [^. Since we follow a bottom-up approach, we simply take an Ansatz for the A-terms 
valid at the TeV-scale; such large off-diagonal entries can be motivated by considering the 
large mixing detected with atmospheric neutrinos 10|], especially in the framework of GUT 
models with havor symmetries. Then, we repeat the above method of random generation for 
the parameters of the sfermion matrices, which will then be diagonalized. Armed with the 
exact expressions for the mass and mixing matrices and the interaction lagrangian written 
in terms of mass eigenstates, we evaluate the fraction of points that satisfy all the LFV 
constraints coming from the r —)■ /i -|- 7 decays. The results with exact diag onalization for 
LFV tan decays will be compared with those obtained using the MIAM 211. 

Another aspect of the Flavor Problem involves the possibility to radiatively induce the 
fermion masses which are known to be possible within SUSY through sfermion-gaugino 
loops. Here, we shall determine which fraction of points can generate correctly the fermion 
masses through sfermion-gaugino loops. Again, we are interested in comparing the results 


obtained using FD 
discussed in Refs. 


VI with those of the MIAM. Implications for LFV in the Higgs sector are 




The organization of this paper goes as follows: in section H we discuss the SUSY flavor 
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problem in the lepton sector, using the mass-insertion approximation. This section includes 
the evaluation of the radiative LFV loop transitions (/j —)■ Ij -|- 7 ) with a random generation 
of the slepton A-terms. Then, in section III we present an Ansatz for soft breaking trilinear 
terms, the diagonalization of the resulting sfermion mass matrices, and we repeat the calculus 
of the previous section. The radiative generation of fermion masses is discussed in detail 
in section IV, within the context of the MSSM. Finally, our conclusions are presented in 
section V. 


II. THE SUSY FLAVOR PROBLEM IN THE SUPER CKM BASIS. 


A. The slepton mass matrices in the MSSM 


First, we discuss the slepton mass matrices and the gaugino-lepton-slepton interactions. 
The MSSM soft-breaking slepton sector contains the following quadratic mass-terms and 
trilinear A-terms: 




+ h.c.), 


( 1 ) 


where Li and Ej denote the doublet and singlet slepton helds, respectively, with i,j{= 1, 2, 3) 
being the family indices. For the charged slepton sector, this gives a generic 6 x 6 mass matrix 
given by 



Mh 

^LR ^RR 


( 2 ) 


where 

Mh =Ml + Mf + \ cos 2/3 {2ml, 

= M~ -f Mf — cos 2/3 sin^ 9w , (2) 

hj 

MIp^ = Aiv cos /3/\/2 — Ml tan /3 . 

Here denote the and masses and Mi being the lepton mass matrix (for conve¬ 
nience, we will choose a basis where Mi{= is diagonal). 

In our minimal scheme, we consider all large LFV that solely come from the non-diagonal 
entries of the A;-terms in the slepton-sector, such that respects the low-energy constrains 
and CCB-VS bounds [l^. In the Super CKM basis, the gaugino-slepton-Iepton interactions 
are diagonal in flavor space, while flavor-violation associated with the off-diagonal entries of 
the slepton mass matrices are treated as perturbations, he., mass-insertions. We shall write 
the off-diagonal soft-terms as 


{LiMN)off-diag — 


( 4 ) 
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where M, N : L,R, mo denotes an average slepton mass scale and the coefficients will 
be taken as random coefficients of 0 ( 1 ). 


B. Bounds on the soft-breaking parameters from the LFV decay h Ij 7 


Here, we are interested in obtaining bounds on the and tEq parameters, applying 
the MIAM in order to evaluate the LFV transition /i —)■ e + 7 and r —)■ fi{e) + 7 . Within 
this method, the expression for the branching ratio BR{li —)■ Ij + 7 ), including the photino 
contributions, can be written as follows [^: 


BR{li —)■ Ij 7 ) — 


127r 


Gl 


F 






rriL 




+ {L^R) 


y.BR{li —^ Ij Vi Fj'jj 


(5) 


where Mi and M 3 are the loop functions, which are given below; {6\j)MN = and 

= (m.y/mo)^. 

Assuming that the {5\j)LR term exclusively contributes to the branching ratio, and con¬ 
sidering 

^ 7^ j- (6) 

with vi = ncos/3 and = {z^LR)ij ' ^ 0 , we obtain the following expression for {5\j)LR 


{J^lr) 

{.^ij)LR = — 




rrin 


cos (3 V , I . 


(7) 


Finally, replacing the above expression in Eq. (jS]), we obtain the following expression: 
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BR{li Ij-f) ^ f—) |Mi(a;^)|^ cos^/? (Z-) ■ {zlr)% ' BR{li Ij Vi Vj), (8) 

[ V ^ '^0 / 


Gp nir 


where mj, ~ mg and 


Mi{x^) = 


1 + 4a; — 5a;^ + 4a; ln(a;) + 2x‘^ ln(a;) 

2{l-xY ' 


(9) 


In order to discuss the processes /x ^ ey and r —)■ ^ 7 ( 67 ), we shall make use of the 
following experimental results: BR{^ —)■ ev^Ve) ~ 100%; BR{t —)■ nv^-Ufj) ^ 17.36%; 
BR{t —)■ evT-Ve) ~ 17.84%, respectively 15|. 


Then, we calculate the bino contributions to BR{li —)■ Ij 7 ) following Ref. llj] and obtain 


BR{li Ij 7 ) 


257r q;'^ mz ( mi 


3 cos^ 9w G% mf 


\m^ 


Mi{aL){6lj)Lji ^ BR{li ^ Ij ViVj), ( 10 ) 
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where ql = m\/m\, miimjj) = mi /2 is the gaugino mass (in this case the mass of the 5), 
and m\{rnu) = mg is a common scalar mass. 

If we consider the approximation m\ = mg = mg and mi = m^, then Eq. ffTOl) reduces to 


BR{li Ij 7 ) 


257r 


a'^ 


m 


B 


3 cos^ 9w mg \ m;. 


\ BR{li ^ Ij UiUj), ( 11 ) 


where = (m^/mo)^- 

Now, our numerical analysis is based on a random generation of the parameters {z^LR)ij 
(10^ points are generated) and then studying their effects on the LFV transitions. Our 
results for /i —)■ ey are shown in Fig. 1, assuming tan/3 = 15 for = 0.3,1.5, 5. 

Fig. 1 illustrates the severity of the SUSY flavor problem for low sfermion masses. One 
can see that even for mg = 1 TeV almost 100% of the randomly generated points are 
experimentally excluded, while one needs to have mo ~ 10 TeV in order to obtain that 
approximately 10% of the generated points satisfy the current bound on /x —>■ ey. On other 
hand, larger gaugino masses help to ameliorate the problem, but not much. For instance, 
assuming = 5 and tan/3 = 15, implies that even for mo = 10 TeV, the percentage of 
acceptable points only raises up to 18%. 

Current bounds on tan decays do not pose such severe problem, as is shown in Figs. 
2. In this case most of the randomly generated points satisfy the bounds on r ^ /xy and 
r —)■ ey. For instance, in the case of r —)■ /xy, with x = 0.3 and tan/3 = 15 (see Fig. 
2(a)); it is obtained that for my= 200 GeV approximately 10% of the points are accepted 
by experimental data. However, this percentage increases with the slepton mass, and for 
mj> 400 GeV about 100% of the points are accepted by experimental data. In Fig. 2(b), we 
notice that a similar behavior is obtained for r —>■ ey. We can also notice in Fig. 2(a) (Fig. 
2(b)) that for x = 0.5 and tan/3 = 15 in the case r ^ fi'j {r ^ cy) requires slepton masses, 
under mj > 220 GeV (my > 180 GeV) in order to get 100% of the points as acceptable by 
experimental data. 


III. THE SUSY FLAVOR PROBLEM BEYOND THE MASS-INSERTION AP¬ 
PROXIMATION. 


Now, we shall consider SUSY FGNG schemes where the general 6x6 slepton-mass-matrix 
reduces down to a 4 x 4 matrix involving only the fl — f sector, similarly to the quark sector 
discussed in Ref. [^. In this case, fl — f flavor-mixings can be as large as 0(1). Although 
such large mixing could be related to the large — Ur mixing observed in atmospheric 


neutrinos 


10|, we shall follow a bottom-up approach, where we simply take as an Ansatz 


the following form of the A-terms, taken also to be real and valid at the TeV-scale. Here, 
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we consider two Ansatz kinds for A-terms, which are used for the diagonalization of fermion 
mass matrices. 


A. Diagonalization of fermion mass matrices 


1. Ansatz A 

The reduction of the slepton mass matrix proceeds, for instance, by considering at the 
weak scale the following A-term {Ansatz A): 


A, = 


0 0 0 
0 0 z 
[0 2 / 1 J 


An 


( 12 ) 


where y and can be of 0 ( 1 ), representing a naturally large flavor-mixing in the jl — f 
sector. Actually, the zero entries could be of 0(e), with e -C 1, and their effect could be 
treated using the MIAM. Moreover, if we identify the non-diagonal A; as the only source of 
the observable LFV phenomena, this would implies that the slepton-mass-matrices M~ ~ in 
Eqs. (EJ-dS]) to be nearly diagonal. For simplicity, we dehne 

- ^qIsxS, (13) 


with mo being a common scale for scalar-masses. 

Within this minimal scheme, we observe that the hrst slepton family eL,R decouples from 
the rest in ([ 2 ]) so that, in the slepton basis (/fx,, yji, tl, tr), the 6 x 6 mass-matrix is reduced 
to the following 4x4 matrix. 



fho 0 0 A^ 

0 ml Ay 0 
0 Ay ml Xr 

A^ 0 ml ^ 


(14) 


where 

Ay = yA, Az = zA, A = Ancos/9/\/2, X^-= A — ymriaxi (3. (15) 

The reduced slepton mass matrix flTT)) allows an exact diagonalization. Therefore, when 
evaluating loop amplitudes one can use the exact slepton mass-diagonalization and compare 
the results with those obtained from the popular but crude MIAM. 

We now have obtained the mass-eigenvalues of the eigenstates (/ii, /i 2 , Ti, f 2 ) for any 
( 2 /, x), given as: 


^ 1,2 ="^oTilv^- 

_ (16) 
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where u± = + {Ay ± AzY ■ From (1T6|) . we can deduce the mass-spectrum of the fi — f 

sector as Mf^ < < Mfx^ < Mf^. 

The 4x4 rotation matrix of the diagonalization is given by, 


with 


h-L 


C1C3 C1S3 S1S4 S1C4 


/^1 



—C2S3 C2C3 S2C4 — S2S4 


^2 

h 


~'SiC3 —S1S3 C1S4 C1C4 


h 



S2S3 —S2C3 C2C4 —C2S4 ^ 






XJ ^:Al±Al 


n 1/2 


s/ 



(17) 


(18) 


and 53 — 0 (l/\/ 2 ) if yz — 0{yz 7 / 0 ). 

In Fig.3, we plot the slepton spectra as functions of 2 ; for fho = 100,500 GeV and 
mo = li 10 TeV, taking tan/? = 15. We can observe that both fi and f 2 differ signihcantly 
from the common scalar mass mo! stau fi can be as light as about 100 — 300 GeV, which 
have an important effect in the loop calculations. Furthermore, even for z ~ 0.5 the smuon 
masses can differ from mg for 30-50 GeV. With these mass values the slepton phenomenology 
would have to be reconsidered, since one is not allowed to sum over all the selectrons and 
smuons, for instance, when evaluating slepton cross-sections, as it is usually assumed in 
the constrained MSSM. We can also observe in Fig. 3 that m^j — ruf^ and m^j ~ 
almost behave constant as one varies the parameter z in the range 0 < z < 1. However, 
the differences m^j ~ '^f 2 ~ sensitive to the non-minimal flavor structure. 

Besides, such splitting will affect the results for LFV transitions and the radiative fermion 
mass generation. 


2. Ansatz B 

Now, we will reduce the slepton mass matrix by considering another H-term at the weak 
scale [Ansatz'B)\ 

f 0 0 0 1 


41 ; = 


Q w y 


An 


[0 2 / 1 J 


(19) 


where w and y can be of 0(1), and as Ansatz A, the zero entries could be of 0(e), with 
e <C 1. For this case, we take the same considerations of Ansatz A. Again, the first slepton 















family eL,R decouples from the rest in ([2]) and we obtain 



ml Ayj 0 Ay 
A^, ml Ay 0 
0 Ay ml Xr 
Ay 0 ml ^ 


(20) 


Here, A^ = wA, and Ay, A and Xr are the same of Eq flT^ . 

For this case, mass-eigenvalues of the eigenstates (pi, jl 2 , '^ 2 ) for any {w, y) have the 
following expressions: 

^p.1,2 = 2 (^^0 ^ ^ T -R)) 

= l{2mlTA^TXrTR), 

where R = \J^Al + {A^ — X,-)^. From (1^ and considering /i < 0, the mass-spectrum of 
the jl — f sector as Mf^ < Mp_^ < < ^f 2 ■ 

With this ansatz, the slepton spectra as functions of y for fho = 100, 500 GeV, mo = 1,10 
TeV with tan/5 = 15, by considering w = 0.0, 0.5, 1.0 have a similar behavior as in the case 
of Ansatz A. 

By dehning 


. , ‘^Ay 2A^ — Xr 

sm 0 = , , cos 0 = — , =, 

— Xr)‘^ R ~ 

the 4x4 rotation matrix of the diagonalization is given by. 


hi 


Sg -c^ 


hi 

t^R 

1 

-s^ -Sg 


h2 


“ 02 




tl 


-c^ -s^ 





. R R S? ^ 


K ^ / 


where = sin(0/2) and = cos(0/2). 


( 22 ) 


( 23 ) 


B. Gaugino-sfermion interactions 

The interaction between gauginos and lepton-slepton pairs can be written as follows: 


£int = XmKltPL + VlfPRVJt + h.C., 


( 24 ) 


where Xm = f) •••)4) denotes the neutralinos, while R correspond to the mass-eigenstate 
sleptons. The factors rjRjR are obtained after substituting the rotation matrices for both 
neutralinos and sleptons in the interaction lagrangian. 
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(hl,h) 

(Fiy) 

(/i2,p) 

(A2,r) 

in,y) 

(U,r) 

(72, p) 

(72, r) 

hafc 

H 2 

c-91 

2 

H 2 

s-91 

2 

a-9l 

2 

H 2 

c-91 

2 

H 2 

Vak 


sjgi 

-cjgi 

-sjgi 

sjgi 

cjgi 

-sjgi 

-cjgi 


TABLE I: Slepton-lepton-neutralino couplings for the case when y = z and Xi = 

To carry out the forthcoming analysis of LFV transitions, we choose to work with the 
simplihed case y = z, which gives: Ci = C 2 = cp Si = S 2 = sj and C 3 = S 3 = C 4 = S 4 = ^. 
The expressions for simplify further when the neutralino is taken as the bino, which 

we will assume in the calculation of Higgs LFV decays; the resulting coefficients are 

shown in Table I. 


C. Bounds on the LFV parameters from r — >^ // + 7 


Here, we are interested in determining which fraction of points in parameter space satisfy 
current bounds on LFV tau decays, when the exact slepton mass-diagonalization is applied; 
again we generate 10 ® random values of 0 ( 1 ) for the parameter z appearing in the soft-terms, 
and fix the values of mo, M and tan/5. Using interaction lagrangian (21) the one can write 
the general expressions for the SUSY contributions to the decays r —)■ /r -|- 7 given in Ref. 
[i^ . The expression for F(r ^ /i -|- 7 ), including the fl and f contributions, is written as 
follows: 

(25) 


F(r y + 'j) — ——+ |Hrq,P], 


47r 


where 


m 


+ Vslp^rVl^, — f2{Xa)], (26) 

lex. 

with Xa = m^/rrij , and the functions fi 2 {xa) are given in Ref. H. Aia is obtained by 
making the substitutions L,R ^ R,L in Eq.(23). The expressions for the F(/i —)■ e-l- 7 ) and 
F(r ^ e -f 7 ) decays are still given by the MIAM. 

The decay width depends on the SUSY parameters, and again we shall randomly generate 
the points and use the current bound BR{t —)■ /x + 7 ) < 1.1 x 10“® to determine which 
percentage is excluded/accepted. In Fig. 3, we can see that starting with values of the 
scalar mass parameter thq > 460 GeV, about 100% of the generated points are acceptable 
for X > 0.3, see Fig. 7 (compare with the result mo Y 360 GeV, obtained using MIAM). 
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IV. RADIATIVE FERMION MASSES IN THE MSSM 


Understanding the origin of fermion masses and mixing angles is one of the main problems 
in Particle Physics. Because of the observed hierarchy, it is plausible to suspect that some of 
the entries in the full (non-diagonal) fermion mass matrices could be originate as a radiative 
effect. The MSSM loops involving sfermions and gaugino s some of those entries could 


generate . However, most attempts presented so far 17H20l| could be seen as being highly 


dependent on the details of the SUSY breaking particular aspects. In this section we would 
like to scan the parameter space in order to determine which is the natural size of such 
corrections, namely to study which of the fermion masses could be generated in a natural 
manner. We shall concentrate on the charged lepton case, and will use both the MIAM as 
well as the FDM of a particular Ansatz for the soft-breaking trilinear terms. 


A. Mass-insertion approximation method (MIAM) 

A Left-Right diagonal mass-insertion {5ii)LR = {Sii)RL generates a one-loop mass term 


n 


for leptons given by |5| 


a 


Srrii = -—m^Re{5ii)LRl{,x^), 


where the function I (x) is given by 


I{x) = 


— 1 + x — x ln(x) 


In our approximation 


hence 


Re(h 


a) LR 


a 


(1 — x )2 

cos/3 V 


\/2 mo 
cos (3 




) i^LR)ii 


(27) 


(28) 


(29) 


(30) 


Again, = {m^y/rhoY ■ Again, we shall generate 10® random values of 0(1) for the 
parameter In addition such points must satisfy the LFV current bounds. One 

can estimate the natural value of the fermion mass generated from SUSY loops, by taking 
x^ = 0.3, tan (3 =15 — 50 and ~ 1, which gives 5mi 10 — 3 MeV. Thus, in order 

to generate the e-/i hierarchy, one will need to include it in the A-terms, namely: 


Smf. 


6m, 


mf. 


m. 


1 


then 
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^Lr)22 


1 
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Such hierarchy can only arise as a result of some flavor symmetry. Thus, one can see 
that radiative mechanism requires an additional input in order to reproduce the observed 
fermion masses. The percentage of points that produce a correction that falls within the 
range 0.5 < Sme/nie < 2.0 as a function of tan/?, for x^y = 0.1, 0.3,1.5, 5.0, is shown in 
Fig. 5(a); the percentage of points that produce a correction that falls within the range 
0.5 < dmyi/nifj, < 2.0 as a function of tan/?, for = Q.l is plotted in Fig 5(b), = 0.3, 

= 1.5 and = 5. We numerically observed that it is not possible to generate the tau mass 
(it can be shown that at least one fermion should have a mass in order to radiatively generate 
the rest). Numerically, we have found that it is possible to hnd a set of parameters x^ and 
tan (3 for which the fraction of points that produce a correction that falls simultaneously 
within the range 0.5 < Sme/rrie < 2.0 and 0.5 < < 2.0 is small, but different from 

zero, as it is shown in Fig. 6. 

It can be noticed that without further theoretical input the values of do not make 

distinction between the families. For the electron mass, one needs higher values of tan P 
in order to get a signihcant fraction of points (bigger than 10%) where the electron mass 
is generated. For lower values of tan/?, what happen that the mass generated exceeds the 
range (0.5 < dme/rrie < 2.0). 

B. Exact diagonalization of a particular Ansatz and the one loop correction 

1. Ansatz A 

When one uses the exact diagonalization, one can identify the dominant hnite one loop 
contribution to the lepton mass correction Smi. It is given by 

{5mi)ab = Y. ZLzilb+3)Bo{mB, (31) 

where Ic (c = 4,5,6)are the lepton left mass eigenstates (c = 1,2,3) and the lepton right 
mass eigenstates . The selectrons can be decoupled with no flavor mixing with the jl — f 
sector, then the sfermion matrix is diagonalized by an unitary matrix, Z\ which is given on 
the basis (e^,/ 11 , f^, Cij, /lij, f/j) as follows: 

1 0 0 0 0 0 

0 C1C3 S1S4 0 Cl S3 'S1C4 

0 —S1C3 C1S4 0 —S1S3 C1C4 

0 0 0 1 0 0 

0 —C2S3 S2C4 0 C2C3 —S2S4 

0 S2S3 C2C4 0 —S2C3 —C2S4 
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with si, 2 , 3,4 defined in Eq. ffTSl) . 

From the rotation matrix (13^ . we see that matrix elements = {^^ 1 ) 11 , = 0, 

therefore only the mnon mass can be entirely generated from loop corrections. The rest of 
the matrix element are given as follows: 


{6mi)22 = {[cf5o(m^, + [sfSo(m^, - slBo{m^,mf^)]} , 

{Smi)23 = ^rn^{ciSi[Bo{rn^,rnfi^) - Bo{rn^,rnf^)]+C2S2[Bo{rn^,rnfi^) - B(i{rn^,rnf2)]} , 
{Smi)32 = {6mi)23, 

(5m/)33 = + [cfBo(mg, - clBo{m^,mf^)]} , 

where 


Bo{m, rrii) - mj) 
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m 
mj — 


In 


rr^ 

m^ 


which follows from 




1 + In 




After generating 10® random values of 0(1) for the parameters y and z, we show our results 
in Figs. 7 and 8. In Fig. 7 is shown the percentage of points that produce a correction that 
falls within the range 0.5 < 5m^/m^ < 2.0 as a function of tan/?, for = 0.1, = 0.3 

and = 0.5. We notice that a high tan/? range is required to get a correct generation. 
In Fig. 8 is plotted the percentage of points that produce a correction that falls within the 
range 0.5 < 5m^/m^ < 2.0 as a function of mo, for x;y = 0.1 and tan/? = 32, x^ = 0.3 and 
tan/? = 56, x;y = 0.5 and tan/? = 72. We find that a slepton mass parameter mo % 1 TeV 
is required in order to generate the muon mass for about 40-60% of generated points. 

Ansatz B 

As we have already mentioned in Subsection IV.B, when we use the exact diagonalization, 
we can identify the dominant finite one loop contribution to the lepton mass correction 6mi, 
which is given by Eq. flTI]) . Using the AnsatzB fEq. fllOp ). the sfermion matrix is diagonalized 
by an unitary matrix, which is given, in the basis (e^, pi,, r^, f^j), as: 


' ' 

en 


' 1 0 0 0 00 ' 


ei 

yx 


0 —0 


h 

tl 

1 

0 —s^ 0 — 




“ U2 

0 0 0 1 0 0 


62 



0 —s^ 0 —s^ 


^2 

. u? . 


. 0 Sc 0 cc Sc , 


K ^ J 


with sg = sin(0/2) and cg = cos(0/2) (see Eq. (12^ b 


( 34 ) 
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From the rotation matrix we see that matrix elements {Smi)ai = {Smi)ib = 0, 

therefore only the /i mass can be entirely generated from loop corrections. The rest of the 
matrix element are given as follows: 

{6mi)22 = + cl[Bo{m^,mr^) - Bo{m^,mr^)]} 

Q. 

i5mi)23 = rrif^) - Bo{m^, + s^c^[Bo{m^, + Bo{m^, m^J]} 

{Smi)32 = {Smi)23 (35) 

{Smi)33 = {cl[Bo{m^,mfi^) - Bo{m^,mfi^)] + sl[Bo{m^,mr^) - Bo{m^,mrJ]} , 

where B^im^mi) — Boim^rrij) and i?o(?7ii,^2) are given in the previous Subsection (IV.B). 

After generating 10^ random values of 0(1) for the parameters w and ?/, we show our 
results in Figs. 9 and 10. In Fig. 9 is shown the percentage of points that produce a 
correction that falls within the range 0.5 < 5m^/m^ < 2.0 as a function of tan/?, for 
= 0.05, = 0.1 and = 0.2. We notice that a 0 < tan /? < 10 range is required to get 

a correct generation. The percentage of points that produce a correction that falls within the 
range 0.5 < < 2.0 as a function of tuq, for x;y = 0.05 and tan /? = 3.2, X;y = 0.1 and 

tan/? = 4.2, Xj = 0.2 and tan/? = 4.7, is plotted in Fig. 10. We found that a slepton mass 
parameter fho ^ 1 TeV is required in order to generate the muon mass for about 40-65% of 
the generated points. 


V. CONCLUSIONS 

We have discussed the SUSY flavor problem in the lepton sector using the mass-insertion 
approximation, evaluating the radiative LFV loop transitions {U —)■ Ijj) with a random 
generation of the slepton A-terms. Our results illustrate the severity of the SUSY flavor 
problem for low sfermion masses. One can see that even for mo = 1 TeV almost 100% 
of the randomly generated points are excluded, while one needs to have fho ~ 10 TeV in 
order to get about 10 % of the generated points that satisfy the current bound on /r —)■ ey, 
having larger gaugino helps to ameliorate the problem, but not by much. On the other 
hand, we have shown that current bounds on tan decays pose no such a severe problem. 
In this case, most of the randomly generated points satisfy the experimental bounds on 
r —)■ and r —>■ ey. Also, we presented two Ansaetze for soft breaking trilinear terms, the 
diagonalization of the resulting sfermion mass matrices, and repeat the previous calculation. 
We showed that for fho > 460 GeV, 100% of the points are acceptable for Xx^ > 0.3, with 
similar behavior in both cases (to be compared with fho > 360 GeV obtained using the 
mass-insert ion approximation). 

The radiative generation of fermion masses within the context of the MSSM with general 
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trilinear soft-breaking terms was discussed in detail. We presented results for slepton spectra 
for mo = 100, 500 GeV and mo = 1,10 TeV, with tan/? = 15, showing that both fi and f 2 
differ signihcantly from mo- Moreover, fi can be as light as 100 — 300 GeV, which will have 
an important effect in the loop calculations. Furthermore, m^. can differ from tuq for 30-50 
GeV considering 2 : ~ 0.5; with these mass values the slepton phenomenology would have to 
be reconsidered. We also observed that m^^ — m^^ and m^j “ ^^2 almost behave constant 
as one varies the parameter 2 in the range 0 < 2 < 1. This splitting affects LFV transitions 
and radiative fermion mass generation results. 

Also, we have analyzed the radiative generation of the e and fi masses using the MIAM 
by generating 10^ random values of 0(1) for the parameters It was shown that for 

some parameters a percentage of points may produce a correction that falls within the range 
0.5 < 6mi/me < 2, while another percentage of points can produce a correction that falls 
within the range 0.5 < 5mi/m^ < 2. Then, it is possible to hnd a set of parameters x and 
tan (3 for which the fraction of points that produce a correction that falls simultaneously 
within the range 0.5 < 6me/me,Sm^/m^ < 2.0, which is small, but different from zero. 
Numerically concluding that it is not possible to generate the tan mass. Having noticed 
that without further theoretical input the values of do not distinguish among the 

families. For the electron mass, one needs higher values of tan (3 in order to get a signihcant 
fraction of points (bigger than 10%) where the electron mass is generated. For lower values 
of tau/S, what happens is that the mass generated exceeds the range (0.5 < 6me/me < 2.0). 

We have pointed out that in order to generate the e-fi hierarchy, one needs to have 
(^LR)ii/(^Li ?)22 — 1/200. Such hierarchy can only arise as a result of some flavor symmetry. 
Thus, one can conclude that the radiative mechanism requires an additional input in order 
to reproduce the observed fermion masses. 

On the other hand, we have analyzed the radiative generation of the muon mass using 
a FDM, by considering at the weak scale two different Ansaetze for A-term, by generat¬ 
ing 10^ random values of 0(1) for the parameters y and 2 of the model. It is shown that 
for some parameters a percentage of points may produce a correction that falls within the 
range 0.5 < < 2, watching a quite different behavior from the resulting fractions of 

acceptable points when we consider the different Ansaetze as well as with the two full diag- 
onalization models and the mass-insertion approximation. Similarly to the mass-insertion 
approximation case, it is not numerically possible to radiatively generate the tan mass by 
using the two full diagonalization models considered. 
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FIG. 1: Analysis of the LFV decay —)• ey as a function of fho, using the MIAM and by randomly 
generating 10^ points for coefficient, assuming tan/3 = 15 for = 0.3, 1.5, 5. The 

different draw-lines show the fraction of such points that satisfies the current experimental bound 
BR{^ ey) < 1.2 x 




FIG. 2: Analysis of the LFV decays r —)■ /ry and r —)■ ey as a function of fho, using MIAM and by 
randomly generating 10^ points for and (b) coefficients, assuming tan/3 = 15 

and Xj^ = 0.3, 1.5, 5. The different draw-lines show the fraction of such points that satisfies the 
current experimental bounds (a) BR{t — ^ /ry) < 1.1 x 10“® and (b) BR{t ^ ey) < 2.7 x 10“®. 
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FIG. 4: Analysis of the LFV decay r —)■ /uy as a function of niQ, using a FDM and by randomly 
generating 10^ points for z coefficient, assuming tan/3 = 15 and = 0.3, 1.5, 5. The different 
draw-lines show the fraction of such points that satishes the current experimental bound BR{t —)■ 
fi'j) < 1.1 X 10-6. 




FIG. 5: Radiative generation of the nie and as a function of tan 13, using MIAM and by 
generating 10^ random values for (a) and (b) (.?^^) 22 , with = 0.1, 0.3, 1.5, 5. The 

different draw-lines show the fraction of points that produce a correction that falls within the 
range 0.5 < 5mi/me, < 5mi/m^ < 2.0. 
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FIG. 6: Radiative generation of the and rrie as a function of tan 13, using MIAM and by 
generating 10^ random values for {z^i ^22 = with = 5. The solid draw-line shows the 

fraction of points that produce a correction that falls within the range 0.5 < 5mi/m^ < 2.0, while 
the dashed one shows the fraction of points that produce a correction that falls within the range 
0.5 < 5mi/me < 2.0. 



FIG. 7: Radiative generation of the as a function of tan f3, using the FDM A and by generating 

10® random values for y and z with = 0.1, 0.3, 0.5. The different draw-lines show the fraction 
of points that produce a correction that falls within the range 0.5 < 5m^/m^ < 2.0. 
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generating 10® random values for y and z, with: a) = 0.1 and tan/3 = 32, b) = 0.3 and 
tan /3 = 56, c) x^ = 0.5 and tan /3 = 72. The different draw-lines show the fraction of points that 
produce a correction that falls within the range 0.5 < < 2.0. 



FIG. 9: Radiative generation of the muon mass as a function of tan/3, using the FDM B and by 
generating 10® random values for w and y, with = 0.05, 0.1, 0.2. The different draw-lines show 
the fraction of points that produce a correction that falls within the range 0.5 < 6m^/m^ < 2.0. 
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FIG. 10: Radiative generation of the muon mass as a function of mo, using the FDM B and by 
generating 10^ random values for w and y, with: a) = 0.05, tan/3 = 3.2, b) = 0.1, tan /3 = 4.2 
and c) x^ = 0.2, tan /3 = 4.7. The different draw-lines show the fraction of points that produce a 
correction that falls within the range 0.5 < (5m^/m^ < 2.0. 
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